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M&C FoUo: GBP87986 

RESPIRATORY APPARATUS 

The present invention relates to respiratory, or ventilation, apparatus comprising 
a face mask and means for supplying pressurised air thereto, as well as to valves useful 
in such devices. 

Non-invasive, mask-type ventilators, which include a face mask, pressurised air 
supply and valve, are known. These ventilators suffer from various disadvantages, 
primary amongst which is inflation of the abdomen via the oesophagus. As the stomach 
becomes mflated, this pushes up the diaphragm which, in turn, reduces lung volume 
and, concomitantiy, tidal volume (VO- 

In addition, the ventilators of the prior art are not only cimibersome, but 
substantially restrict movement of the patient, as the pressxmsed air supply involves a 
length of tubing ruiming from the mask to a fixed source of air or other suitable, 
breathable gas supply. The mask and tubing arrangement also tends to be heavy and 
somewhat inflexible, th^eby putting further strain on the patient. 

The substantial length of the tubing also tends to add somewhat substantially to 
the dead space. In this context, tiie dead space is that volume of air involved in the 
overall tidal flow which never comes into contact with gas exchange surfaces, in 
particular, the alveoli. When a patient is breathing normally, the dead space mainly 
comprises the trachea, nose and pharynx which, together, form about 150ml of a total 
60Qml tidal volume. 

Using a mask of tiie prior art, the air supply tube may have a IQmm internal 
radius and a length of 1800mm, which provides an extra dead space, in addition to the 
150ml naturally occurring, of about 558ml, thereby virtually doubling the tidal volume, 
as well as at least doubling the pressure required to effect satisfactory ventilation. It is 
such pressures which lead to problems with gas build up in the stomach. 

One solution to the problem is to increase tidal flow and to create leaks in the 
mask to allow exhaust air, rich in carbon dioxide, to escape to help reduce the dead 



2 

space problem. Another option is to provide a valve in the tubing to allow exhaled air 
to escape at an earlier stage. Both of these options still require substantial pressure to 
achieve satisfactory ventilation. 

To achieve exhaust of CO2 in current tnaaks, continuous positive flow and, 
therefore, pressure is required, even during exhalation of the patient The pressure 
required to achieve this flow is around 8cm H2O or greater. This forms the basic 
expiratory pressure which the patient faces at exhalation and which needs to be 
overcome in order for the patient to exhale. This pressure increases the work of 
breathing and distends lung volxame, potentially beyond the need of the patient, while at 
least the same ampUtude (the difiference between peak inspiratory and trough expiratory 
pressures) is required to achieve adequate tidal volume, so fliat 0-lOcm H2O for a 
normal patient becomes 8-18 cm H2O (or more) for a patient using a face mask. The 
effects may be even more deleterious, as tidal volume of 0-10 cm H2O is greater than 8- 
18 cm H20 due-to the lung pressure-volume curve* 

One type of mask ventilator providing positive pressxire ventilation, and which is 
non-invasive, is disclosed at page 609 of "Respiratory Care Equipment". 2"^ edition, 
1999. A valve therein relies on natural exhalation, so that it is activated by expiration to 
cut off or reduce the supply of positive pressure, thereby enabling the patient to breathe 
out. In this type of ventilator, only one phase of the respiratory cycle, the inspiratory 
phase, is assisted and therefore active. This has the disadvantage that it is not possible 
to increase the respiratory rate above 4-30 cycles per minute, as there is no option to 
do anything other than rely on the natural expiration of the patient. As passive recoil 
generally requires a miniTniim of one second, this means that such ventilators cannot 
work at more than 30q)m. There is an exhaust valve in the power unit, so that dead 
space is still a problem, and there is a single pressure chamber throng which air from 
the blower passes, either to the patient during uihalation, or through an exhaust, during 
exhalation in order to reduce or cut off supply. 

Surprisingly, it has now been found that, by substantially reducing the length of 
the air supply hose, problems associated with high pressures can be alleviated. 

Thus, m a first aspect, there is provided re^iratory apparatus comprising a 
ventilation mask and means for supplying breathable gasses, under pressure, thereto and 
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means for exhausting gases therefiwm, characterised m that the pressuring means is 
provided substantially at the inlet of the mask. 

By siq)plying the pressurising effect at the inlet of the mask, rather than at a 
distance through a tube, the creation of a substantial amount of dead space is avoided, 
and substantially lower pressures and flow are effective to achieve ventilation, given 
that less CO2 needs to be flushed out, as there is little or no tube. Indeed, it is now 
possible to use sufficiently low pressures that portable, battery operated devices can be 
employed and worn by patients, thereby allowing substantially unfettered movement, 
whore the patient is c£^able. 

In order to provide the required pressure at the mask mterfece, a suitable fan 
punq) may be provided. The fen may be driven directly by a power supply and motor 
co-located therewith. Alternatively, the power siq)ply, for example in the form of 
batteries, may be provided elsewhere, such as in a pocket It is also feasible for the 
motor to be pro^aded at a distance, and linked by a suitable gear lu^^ 

In general, it is preferred that a Ughtweight, motorised air pump be provided, 
mounted directly on the mask, with a remote power supply connected, for example, by 
suitable cables, or other means. Suitable pun^s are centrifiigal unpeUer blowers, of the 
type illustrated at www.rietschle.co.uk/princi ples/radial.asp. suitably miniaturised, or 
otherwise ad^ted, to provide a preferred marimum flow of 50 IVmin. This contrasts 
with the 180 L/min used in the art, and reflects the benefits of the present invention, as 
well as enabling a portable power source to be used. 

It is preferred that the maximum inspiratory pressure output be in the region of 
25 cmH20, with a range of 5-12cmH20 being preferably employed, in use. Again, this 
compares extremely favourably with the standard 15-20cmH2O and up to 30-35 cmHiO 
used in standard mask ventilators. The pressures used in the present invention are 
considerably more effective than those used in the art, as dead space and tidal volume 
problems are minimised, and there is much better response at lower pressures, as seen m 
pressure volume curve. It is preferred that the pumps used in the presrait invention 
have a voltage requirement of no more than 24V, preferably no more than 15V, with a 
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range of 6 -12V being preferred, althougfai any pump or impeller citable of providing 
flie requisite flow may be used. 



The air supplied for breathing by the patient may simply be atmospheric air, in 
which case there is not generally any requirement for a supply, other than an 
atmospheric siq)ply. However, where any other form of breathable gas is required or 
desired, then this may be siq>plied in any suitable fashion to the pump or, if only 
required in less than 100% quantities, independaatly of the punq>. 

The exhaust means may comprise a simple valve in the ma^ which is not 
generally activated by the pressure generated by the pump, alone, but is only activated 
by exhalation of the patient 

"Whilst this embodiment provides many advantages over the prior art, it is 
generally prefaced to enhance the respiratory apparatus Of the invention by further 
incorporation of a valve to fe^ateair, or gas, pressure supplied to the mask. 

It is also preferred to employ both the inlet and exhaust ports of the pump whai 
providmg ventilation in association with such a valve. Particularly suitable pumps for 
use in this connection are lightweight, centrifugal pumps, such as illustrated above, 
which draw air in at, or near, the rotational axis of the fen and generate an increased air 
pressure at the perimeter of the rotor, or hapcTler, which can be expressed via a suitable 
port. In an advantageous embodiment, both the inlet and the outlet ports of a centrifugal 
fan are provided in the same fece of the pump. This has the advantage of facilitating 
interaction witii the valve. 

It is a particular advantage of this aspect of the present invention that it is 
possible to fiilly control the l/B Ratio (the inspiratory to expiratory time ratio), as there 
is no dependency on passive recoil of the lungs, so that both phases of tiie respiratory 
cycle may be fully controlled and active, allowing the 1/E Ratio to be varied to 
practically any desired level. 

Suitable valves of the present invention may comprise two body portions 
separated by a rotatable valve plate. A first body portion interacts with tiie ventilation 
mask, and may be secured thereto by any ^propriate means, either fixedly or 



removably. Where the body portion is removable, attachment may be by any suitable 
means, such as interferraice fit, push fit or snap fit, for exanq)le. 

The first body portion preferably defines a mask access chamber connecting 
both to the interior of the mask and the valve plate, and an exhaust chamber having an 
outlet to the atmosphere and connecting with the valve plate, but not the ventilation 
mask. Communication between the two chambers is generally prevented by the valve 
plate. 

The valve plate locates over the first valve body and has openings to provide 
communication between the chambers of the first valve body and the second valve body 
portions. Movement of the plate, such as by rotation, serves to define how ttie 
chambers of each valve body portion communicate with the other. For ease, the 
openings in the valve plate are generally sectorial and identical in size, and it is 
preferred that the valve plate works in a back-forwards, or contra-rotatory, motion, in 
this case allowing complete control of the I/E ratio to be achieved through control of the 
time spent in the different sections of the valve. As such, it is also generally preferred 
that the valve section or, at least fliat part containing flie valve plate, is circular, although 
it will be appreciated that the housing and walls surrounding the valve may be any 
appropriate configuration, as desired, and may have any appropriate configuration 
suitable to manual manipulation, for example. 

It is prefOTed that the valve plate be mounted on a spindle or other actuatable 
means suitable to effect movement to locate the apertures in the plate in conjunction 
with the appropriate chambers in the valve body portions. The spindle may be 
actuatable by a second motor means, for example. This second motor is preferably 
controlled and may be responsive to the patient (in a triggered or synchronised mode) or 
external settings (in a controlled mode). 

When responsive to the patient, exhalation may trigger the plate to move to 
allow or encourage exhalation. Sunilarly with inhalation, as both phases of the 
respiratory cycle may be fiiUy and actively controlled. Suitable detector elements 
located in the mask can provide a signal to an effector associated with the motor. 
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Alternatively, the pump may be controlled independently of the patient's 
breathing, and set to a certain required pressure, for example. With the valves of the 
invention, the speed and number of cycles can be determined and this can readily 
exceed 1000/minute or even higher. 

The second valve body portion comprises at least two chambers, one of which is 
enclosed and corresponds to the pressurised air, or gas. The other chamber serves as a 
conduit for exhaust air. Both chambers are located to communicate with the chamber in 
the first body portion communicating with the mask, depending on the positioning of 
the valve plate. Where it is desired that the patient should sunply exhale, and not be 
subject to any pressure, either positive or negative, then flie exhaust chamber in the 
second valve body portion may be open to the atmosphere. This chamber, or a further 
chamber, may be connected to the inlet of the pump, in order to subject the patient to 
negative pressure to encourage exhalation, in which case it will be appreciated that the 
chamber will connect-only with the inlet of the p^^ one hand_and the_ 
connecting chamber of tiie first body portion on the other hand, when the valve plate is 
in the correct configuration. 

In a preferred embodiment, a valve of the invention has three possible settings, 
providing the patient with positive pressure, iiegative pressure or simply atmospheric 
pressure. In this embodiment, the second body portion of the valve will comprise at 
least three chambers, A fourth, null chamber, or simple land, may be provided opposite 
flie atmosphCTic chamber, for example. Where a null chamber is provided, this may be 
open, if desired. 

It will be appreciated that, when the outlet of the pump is cormected to the 
connecting chamber in the first body portion of the valve, then the inlet of the pump will 
be connected to the chamber in the first body portion of the valve which connects and, 
therefore, is exhausted to the atmosphere. Likewise, when the inlet is connected to the 
connecting chamber, then the outiet will be connected and exhausted to the atmosphere. 

The above pump embodiments are particularly preferred, and form a separate 
aspect of tiie invention and, in particular, for use with respiratory apparatus of the 
present invention, or any other respiratory apparatus. 
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The ventilation made is not critical to the present invention. Conventional 
masks may be used or adapted, and it is generally preferred that they provide a 
substantially gas-tight linkage with the airways of the patient. 

Pressures suitable for generation by the i^aratus of the present invention ar&- 
generally low by comparison with the prior art, and suitable pressures have been found 
to typically be 5-12 cmHiO above ambient pressure and, as a maximum, IScmHaO 
during the inspiratory phase and from a maximum of -ScmHzO, to below, at or above 
ambient pressure during the expiratory phase . These pressures are for guidelines only, 
and it will be appreciated that higher pressures, as well as lower pressures, may be 
employed, but these require greater input of power, and may be associated with the 
problems of the prior art. 

The presCTt invention further provides a method of ventilating a patient, 
comprising equipping tiie patient with a mask as defined above, and activating the 
pump. 

Any condition treatable by conventional ventilation masks may be treated in 
accordance with the present invention, and may cover patients with sleep ^noea and 
lung diseases to those on life siq>port, as may be directed by a skilled phyacian. 

The invention will now be further illustrated witii reference to the accompanying 
drawings, in which: 

Figure 1 illustiates a mask and valve of the present invention where the valve has three 
pressure settings; 

Figure 2 illustrates a valve of the present invention having two pressure settings; 

Figure 3 illustrates a valve for use wifli the present invention; and 

Figure 4 illustrates an alternative embodiment of the valve of Figure 1. 

In Figure 1, there is shown face mask (10) having processes (20) for the 
attachment of straps, or tiie like, to secure the mask (10) over the mouth and nose of the 
patient (not shown). 
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Valve (30) is shown in three sections (40, 50, 60) and is locatable in ^erture 
(25) of mask (1 0) via flange (65) of first body portion (40). Connecting chamber (70) 
provides an unobstructed passageway between the inside of mask (10) and valve plate 
(50). Chamber (75) is sealed by land (80), and does not provide gaseous 
communication wilh the inside of mask (10). Exhaust slot (85) provides 
communication with the external atmosphere. 

Valve plate (50) is provided with spindle (90), which locates m corresponding 
recess (95) in first valve body portion (40). Spindle (90) is suitably equipped with 
external drive means (not shown) to effect rotation. 

Apertures (100, 105) control communication between first valve body portion 
(40) and second valve body portion (60). The periphery of the valve plate (50) locates 
on internal flange (1.10) m valve body portion (40), th»eby providing a gas-tight seal, 
or substantially gas-tight seal. It will be appreciated that with the general volume of air 
flow, it is not necessarily important that the seal be especially gas-tigihi> provided that 
any gas getting past the seal does not substantially interfere with the desired ventilation 
effect. 

Second valve body portion (60) is equij^ed with four chambers (120, 130, 140, 
150) equipped with slots (123, 126, 133, 136, 145, 155). ImpeUer end plate (160) is 
shown, with negative pressure port or mlet (165) and positive pressure port, or outlet 
(170). The rest of the impeller is not shown. Positive port (170) corresponds with 
chamber (120) of second valve body portion (60), while negative port (165) corresponds 
with chamber (130). When ^erture (100) is located over aperture (133), then aperture 
(105) will be located over aperture (123). In this configuration, negative port (165) 
communicates via ^©rture (133) and aperture (100) with communicating chamber (70) 
to reduce the pressure in mask (10). At the same time, positive pressure port (170) acts 
via apertures (123, 105) to exhaust via slot (85) in dead end chamber (75). 

Rotating the valve plate (50) to engage aperture (100) with aperture (136) places 
aperture (105) in conjunction with ^erture (126), so that the reverse effect is achieved. 
Namely, negative port (165) communicates via ^ertures (136) and (100) with null 
chamber (75) to draw m air through slot (85) while positive pressure port (170) 
communicates via apertures (126) and (105) with communicating chamber (70) to raise 
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the pressure in the mask (10). It will be appreciated that the same effect will be 
achieved if ^erture (105) corresponds to aperture (136) rather than aperture (126), and 
that the one configuration of the two possible is described for purposes of simpUcity. 
SimilaiLConadCTations ^ply to any other configuration where a plurality of equivalent 
possibilities exists. 

In a third configuration, apertures (105) and (100) interact with apertures (145) 
and (155), respectively. In this configuration, as with all other configurations of this 
embodiment, neither chamber (150) nor open chamber (140) corresponds to any port on 
the inq>eller. Thus, in this configuration, the effect is to provide a direct atmospheric 
link to the mask via connecting chamber (70) and apertures (100) and (145), the lack of 
wall in chamber (140) providing immediate access to die atmosphere. 

In Figure 2, valve (30') is shown, consisting of first valve body portion (40*), 
valve plate (50') and second valve body portion (60'). In this embodnnent, the numerals 
have the same meanings as in Figure 1. 

An alternative version of the first valve body portion (40*) is shown, in which the 
chamber (75) is not hollowed m any fashion, thereby simply providing an aperture (85) 
communicating with the atmosphere, in the chamber. 

In second valve body portion (60*), chambers (140) and (150) are not present, so 
that only positive pressure chamber (120) and negative pressure chamber (130) are 
provided. In this configuration, negative pressure is provided to the ventilation mask 
when ^erture (100) corresponds with aperture (133) and aperture (105) corresponds 
with aperture (123). Positive pr^sure is provided when ^erture (100) corresponds 
with aperture (126) and aperture (105) of the valve plate (50*) corresponds with aperture 
(136). 

In Figure 3 valve (30") is for use with a blower where only the positive pressure 
outlet engages with chamber (120) of valve body portion (60"). Chamber (130) is open 
to the atmosphere. There is no slot (85) in valve body portion (40"). Instead, chamber . 
(72) connects directly to opening (123) in valve body portion (60") when opening (105) 
in valve fece plate (50") is appropriately located. 
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When opening (105) corresponds with opening (133), then positive pressure is 
fed into the mask via chamber (70), while chamber (72) is closed by valve face plate 
(50"). 

Valve face plate (50") may also occupy a central position where slot (105) 
corresponds to neither opening (123) nor opening (133), so that air may neither pass in 
nor out of the mask in this configuration. This may be ^propriate between inhalation 
and exhalation, for example. 

As wife Figures 1 and 2, recessed portion (180) locates within and abuts against 
lip (185) on valve body section (40"). 

Figure 4 depicts a valve embodiment similar to that of Figure 1, and functions in 
a similar manner, hi this embodiment, valve body portion (40'") is lacking land portion 
(72) such that, when any of openings (136), (155) and (123) is exposed by either of 
<q)enings (100) and (105),-then direct contact with the ambient-atmosphere is.made. 

Chamber (70) in body portion (40"') takes the form of a lumen in male member 
(75) which docks with female member (78) in the mask (10). Openings (126), (145) 
and (133) communicate with lumen (70) when exposed thereto by either of openings 
(100) and (105) via chamber (72) recessed beneath flange (1 10), providing positive, 
negative or atmosph^c pressure, as desired. 

It will be appreciated that variations are possible in the embodiments of the 
above Figures and that it is possible to vary the amoimt of pressure in the mask by 
varying the degree to which any particular aperture is open. For example, it may be 
desirable to continue to provide a lesser positive pressure during exhalation rather than 
atmospheric or negative pressure. Where desired, this may be effected either by 
lowering pressure in the blower, or preferably by controlling pressure through the I/E 
Ratio, thereby maintainmg an overall positive pressure in the mask, even whare the disc 
is allowing atmospheric or negative pressure into the mask. Although it is possible to 
vary the speed of the impeller, it is generally prefenred to keep this at a constant rate, 
except when the ventilation device is switched off, in order to conserve energy and 
provide the most rapid possible reaction time. 



CLAIMS: 
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1 . Respiratory apparatus comprising a ventilation mask and means for supplying 
breathable gasses, under pressure, thereto and means for exhausting gases therefiom, 
characterised in that the pressuring means is provided substantially at the inlet of the 
mask. 

2. Apparatus according to claim 1, wherein a motor for the pressuring means is co- 
located therewith. 

3. Apparatus according to claim 1 or 2, where the power siq)ply is portable, for 
example in the form of batteries. 

4. Apparatus according to any preceding claim wherein the pressuring means is a 
centrifugal impeller blower. 

5. Apparatus according to any preceding claim wherein both the inlet and exhaust 
ports of the pressuring means are communicable with the mask, in use. 

6. Apparatus according to claim 5, wherein the inlet and the outiet ports of a 
c^trifiigal fan are provided in the same fece of the pump 

7. Apparatus according to any preceding claim fiorther incorporating a valve to 
regulate air, or gas, pressvure in the mask. 

8. Apparatus according to claim 7, wherein the valve con^rises two body portions 
separated by a rotatable valve plate 

the first body portion interactmg with the ventilation mask and defining a mask 
access chamber connecting both to the interior of the mask and the valve plate, and an 
exhaust chamber having an outlet to the atmosphere and connecting with the valve 
plate, but not the ventilation mask; 

the valve plate locating over the first valve body portion and having openings to 
provide communication between chambers of the first valve body portion and the 
second valve body portion; 
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the second valve body portion comprising at least two chambers, one of which is 
enclosed and corresponds to the pressurised air, or gas, and the other serving as a 
conduit for exhaust air, both chambers being located so as to communicate with the 
chamber in the &st body portion communicating with the mask, as determined by 
positioning of the valve plate. 

9. Apparatus according to claim 8, wherein the valve has three possible settmgs to 
provide the patient with positive pressure, negative pressure or atmospheric pressure, 
and wherein the second body portion of the valve comprises at least three chambers, an 
optional null chamber, or land, being provided opposite the atmospheric diamber, and 
wherein the atmospheric chamber exhausts directly to the atmosphere. 

10. Apparatus according to any of claims 7 to 9, wherein the inspiratory to 
ejqpiratory time ratio is under the control of the apparatus. 

11. Apparatus according.to. any of claims 7 to 10, wherein the appar^ has the 
ability to operate at high frequency, \xp to 1000/minute, or greater. 

12. A valve as defined in any of claims 8 to 1 1. 

13. A method of ventilating a patient, comprising equipping the patient with a mask 
as dejBned in any of claims 1 to 1 1, and activating the pressuring means. 
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ABSTRACT 



RF.SPIRATORV APPARATUS 

Respiratory apparatus comprising a ventilation mask and means for supplying 
breathable gasses, under pressure, thereto and means for exhausting gases therefrom, is 
characterised in that the pressuring means is provided substantially at the inlet of the 
mask, thereby substantially reducing the length of the air supply hose to a ventilation 
mask, so that problems associated with high pressures and large volmnes of dead space 
can be alleviated. 
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